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.2013.07.0Abstract The study discusses the geochemistry and texture of marine surface-sediments in selected
areas along Hurghada area, in order to assess the possible inﬂuence of human activities on the com-
position of the sediments, to test for anomalous enrichments in heavy metals, and to evaluate and
quantify metal release into the sea. The results have been compared with those of other studies con-
ducted in Hurghada area, other areas of Red Sea and the world as well as existing guidelines of met-
als. The surface sediments are mostly ﬁne sand, with increase in the coarse sand at the beach and
close to high topographic areas of the bottom. The metals correlate directly with distance from the
shoreline while correlate inversely with carbonates. This points to that the metal content of the
investigated sediments is derived from the basement complex source materials and not from abun-
dant elements in the marine carbonate sediments. Surface sediments reveal high total concentrations
of Fe, Mn, Pb, and Zn at Desert Rose Resort transect (avg. 0.43%, 77.14, 5.00, and 19.70 ppm
respectively), Cd at El-Samaka Village transect and Abu-Shaar transect (avg. 0.15 ppm), Cu at
Tourist Harbour (avg. 8.80 ppm), Ni at Abu-Shaar transect (avg. 20.80 ppm), and Hg at El-Samaka
Village transect (avg. 0.07 ppm). In comparison, the metal levels obtained in the present study are in
general lower and comparable in some cases to those found in Hurghada area and other areas along
the Egyptian Red Sea coast during previously or post conducted studies. Comparing the currenthoo.com (H.A. Madkour).
nal Institute of Oceanography
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92 A.M. Mansour et al.ﬁndings with other regional data and other areas in the world clariﬁes that the metal pollution in
Hurghada area is still localized and low. A comparison of the gained data from this study with exist-
ing guidelines clearly indicates that nearly the metal concentrations were in the range of natural
unpolluted sediments.
ª 2013 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
Fisheries.Introduction
Sediments are the ﬁnal destination of trace metals, as a re-
sult of adsorption, precipitation, diffusion processes,
chemical reactions, biological activity and a combination
of those phenomena (Ramirez et al., 2005). Sediments can
become a source of metals, releasing them into the overlying
water column (Jones and Turki, 1997). Metals in minerals
and rocks are generally harmless and only become poten-
tially toxic when they dissolve in water. Marine organisms
can accumulate trace metals from the dissolved phase and
from ingested food (Fisher and Reinfelder, 1995). Metals en-
ter the environment naturally as a result of chemical and
physical weathering of rocks, leaching of soils, vegetation,
and volcanic activity (Al-Saad et al., 1997) and as a result
of urbanization, industrial and agricultural activities (Heba
et al., 2000). Both anthropogenic and natural processes
can contribute to the trace metal contamination in the
coastal sediments. On the other hand the trace metal vari-
ability in the sediments has been found to be related to
grain size, mineralogy, and organic carbon (Szefer et al.,
1996).
A number of anthropogenic and natural disturbances inﬂu-
ence the marine environment of Hurghada area including the
pollution by: oil spills, wastewater discharge, efﬂuents of desa-
lination plants, building activities along the seashore, marine
trafﬁc, landﬁlling and dredging operations.
Several studies on marine surface-sediments of the Egyp-
tian Red Sea have been carried out (Madkour et al., 2012).
The scope of the present study are; Assessment of anthro-
pogenic activity threat at priority sites; and give an actual esti-
mate for carbonate content, total organic matter and heavy
metals (Fe, Zn, Cu, Pb, Ni, Cd and Hg). The results are used
as ﬁngerprints to locate sites of polluted sediment, to identify
sediment sources and understand the impacts of human activ-
ities, and pollutants sources in Hurghada area to identify
anthropogenic impacts and better assess the needs for remedi-
ation. The metal levels in the present study have been com-
pared with those found at Hurghada area, other areas along
the Red Sea coast and the world as well as sediment quality
guidelines.
Study areas
Six locations have been selected along Hurghada area to rep-
resent different conditions, the most important are petroleum
(oil drilling), tourism and residential. The areas are distributed
from north of Hurghada to the south namely; El-Esh area,
Abu-Shaar area, NIOF area, Tourist Harbour, El-Samaka Vil-
lage area and Desert Rose Resort area (Fig. 1).
El-Esh area located about 30 km to the north of Hurghada
city, lies at latitude 272803000N and longitude 333704200E(Fig. 2a). This area is for oil exploration and extraction. The
shore area is characterized by small patches of mangroves.
Abu-Shaar area located about 10 km to the north of
Hurghada city, lies at latitude 271802500N and longitude
334301500E (Fig. 2b). The back shore area is occupied by sab-
kha evaporates, and dwarf sand dunes covered by rare plants.
Landﬁlling operations and terrigenous ﬂuxes adversely affect
the marine environment at the area.
NIOF (National Institute of Oceanography and Fisheries)
area was mostly the middle site in the study areas
(2717001.000N, 3346021.000E) (Fig. 2c). The back shore area
is occupied by buildings of El-Aheaa.
Tourist Harbour is located at latitude 271303900N and lon-
gitude 335003400E (Fig. 2d). This area is for Yachts and
Fishermen.
El-Samaka Village area is one of Hurghada resorts which is
located 10 km south of Hurghada at 271001300N, and
334903600E (Fig. 2e). Most of the activities that took place in
the area are dredging and reclamation of lagoon and two ton-
gues constructed on both sides of the lagoon.
Desert Rose Resort is located about 14 km south to Hurgh-
ada city at latitude 2706002.200N and longitude 3350019.200E
(Fig. 2f). One of the environmental problems in the area is
dredging a coastal lagoon in the rocky tidal ﬂat, in addition
two channels that have been dredged for water exchange be-
tween the lagoon and the open sea.
Materials and methods
Field work
The materials used in this study were collected in the year 2008
and 2009. Sixty-four sediment samples were collected from the
study areas (Fig. 1). One transect was taken from each area
and all transects are perpendicular to the coast. Surface sedi-
ment samples collected from these transects represent four dif-
ferent environmental features; shoreline, foreshore, nearshore
and offshore down to 42 m of water depth and 5915 m sea-
ward. The sampling of sediment samples was carried out by
a stainless steel grab sampler (Kerman Barge Grab Sampler)
using an outboard engine ﬁbreglass boat. Different instru-
ments were used in this study. Echo sounder (LOWRANCE
X25) instrument was used to record the depth at each station.
Submarine photographs were taken with a Sea and Sea Marine
II camera. The locations (co-ordinates) were determined by
using Geographical Position System GPS (Magellan-Sport
Trak).
Laboratory methods and treatment of data
Granulometric analysis of marine sediments was performed
using the sieving technique after Folk and Ward (1957). All
Figure 1 Location map of the study areas along Hurghada coast, Red Sea, Egypt.
Assessment and comparison of heavy-metal concentrations in marine sediments 93geochemical analyses were carried out in duplicates and the
average data were considered. The total carbonate content
was determined by an acid-treatment weight-loss technique
(Gross, 1971). Dried sediment was treated with a dilute hydro-
chloric-acid solution (2.5 N) and the residue was collected on a
0.45 lm ﬁlter. After drying the ﬁlter, the observed weight loss
was converted into percent carbonate. Determination of or-
ganic matter was made by sequential weight loss at 550 C
(Dean, 1974; Flannery et al., 1982; Brenner and Binford,
1988). The total digestion method was used to determine heavy
metals (Fe, Mn, Zn, Cu, Pb, Ni and Cd) according to Oregioni
and Aston (1984). About 0.5 g of the prepared ground sample
was completely digested in a Teﬂon cup by using a mixture of
conc. nitric, perchloric and hydroﬂuoric acids, with the ratio
3:2:1, respectively. Acids were slowly added to the dried sam-
ple and left overnight before heating. Samples were heated
for two hours on a hot plate at a temperature of approximately
200 C, then left to cool and ﬁltered to get rid off the nondi-
gested parts. The solution was justiﬁed to volume of 25 ml,
then the concentration of the elements was determined by
AAS (SHIMADZU-AA-6800). Hg measurements were deter-
mined according to Haase et al., 1998). 100 ml of samplewas taken and analyzed using cold vapour technique with a hy-
dride vapour generator, Atomic Absorption Spectrophotome-
ter (AAS), using SnCl2 and NaBH4 as reductants. The
obtained data of the geochemical analyses were dealt statisti-
cally in order to extract the characteristic parameters.Results and discussion
Nature of sediments
Grain size helps in determining the textural and depositional
characteristics of the environment. Particle size distribution
in sediments is a function of availability of different sizes of
particles in the parent material and the processes operating,
where the particles were deposited (Ali et al., 1987). Gravel
fraction showed high values in Tourist Harbour and El-Sama-
ka Village samples compared to the other studied transects
(Table 1 and Fig. 3). This is due to the variation of gravel frac-
tion values in the beach samples and in the samples collected
from coral reef communities. The sand fraction of sediments
varies from 81.75% at El-Esh transect to 88.08% at the Desert
Figure 2 Sample locations of (a) El-Esh, (b) Abu-Shaar, (c) NIOF, (d) Tourist Harbour, (e) El-Samaka Village and (f) Desert Rose
Resort transect.
94 A.M. Mansour et al.Rose Resort transect (Fig. 3). The sand fraction is dominated
and constituted more than 85% of the total samples. Mud var-
ies from 6.48% at the Tourist Harbour to 14.82% at the El-
Esh transect (Fig. 3). The relative abundance of the ﬁne sedi-
ments in some samples of the different areas is not only due
to the abundance of terrigenous ﬁne sediments but also due
to the landﬁlling and dredging in these areas. Generally, the
particle size of the sediments changes from coarse sand near
the beach and the areas of biogenic fragments abundance to
ﬁne and very ﬁne sand with increasing distance from the beach
towards the deeper water, these investigations are in agreement
with Madkour et al. (2008). This indicates that the distribution
of mean grain size depends mainly on the type of bottom fa-
cies, distance from shoreline and water depth.Geochemistry
Carbonates
The sediments are carbonate – poor at the beach and intertidal
area, where the source of carbonates is terrigenous from land-
ﬁlling, dredging operations and terrestrial inputs, while the off-
shore ones contain higher amounts of carbonate. The biogenic
origin is the main source for carbonates. The highest averages
of carbonate content (78.74%, 72.80%, 69.96%, and 67.27%)
of the studied transects were found in Tourist Harbour, El-Sa-
maka Village, El-Esh and NIOF transect respectively. These
four areas are rich with coral reefs. While, the average carbon-
ate contents in Abu-Shaar and Desert Rose Resort transect
samples (51.18% and 57.66%) are low indicating the high sup-
Table 1 Physical and geochemical properties of sediment samples from the studied transects along Hurghada coast.a
Variables EI-Esh Abu-shar NIOF TouristHarbour EI-Samaka Village Desert Rose Resort
Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean
Gravel (%) 0.45–20.73 3.43 0.10–15.03 4.26 0.00–14.14- 3.67 0.00–15.36 6.49 0.87–17.32 5.94 0.69–3.14 2.08
Sand (%) 57.42–97.11 81.75 68.95–97.25 85.95 57.11–98.63 84.55 77.12–99.43 87.03 74.98–94.41 87.02 73.02–99.22 88.08
Mud (%) 0.11–40.78 14.82 0.46–30.96 9.79 0.09–42.32 11.78 0.19–22.26 6.48 0.88–21.24 7.04 0.09–23.84 9.84
Mz phi 0.41–4.02 2.54 0.94–3.74 2.21 0.65–4.29 2.47 0.63–3.38 1.80 0.91–2.97 1.93 2.17–2.92 2.67
CaCO3 (%) 32.44–85.19 69.96 22.58–63.23 51.18 35.78–86.48 67.27 68.61–87.98 78.74 11.72–84.51 72.80 18.47–84.47 57.66
TOM (%) 3.20–6.60 4.83 3.36–7.65 5.55 3.04–8.63 5.55 4.53–6.53 5.60 2.16–6.95 5.48 1.60–6.47 4.46
Fe (%) 1.05–0.85 0.26 0.04–1.23 0.32 14.06–0.76 0.29 0.02–0.26 0.10 0.00–0.517 0.17 0.26–0.67 0.43
Mna 2.41–168.68 49.59 0.60–221.76 65.08 1.64–185.46 61.65 1.31–47.66 16.21 4.63–73.27 24.53 37.87–138.06 77.14
Zna 0.19–35.21 12.63 1.94–29.28 9.55 0.01–49.41 14.89 1.61–17.99 6.60 1.99–25.42 11.03 14.52–28.63 19.73
Cua 0.38–14.09 3.73 0.05–10.60 4.47 0.65–20.68 3.97 0.28–23.25 8.77 0.74–5.13 2.62 2.04–5.64 3.84
Pba 0.01–4.58 1.17 0.02–0.127 0.06 0.02–9.83 1.12 0.06–0.31 0.12 0.06–7.52 1.63 3.54–7.28 4.97
Nia 0.17–6.11 2.07 1.13–71.74 20.83 0.10–29.86 4.06 0.02–51.62 8.53 0.03–11.56 2.88 2.61–9.57 4.91
Cda 0.03–042 0.12 0.03–0.68 0.15 0.04–0.23 0.10 0.03–0.12 0.06 0.04–0.39 0.15 0.03–0.15 0.07
Hga ND–0.11 0.01 ND–0.15 0.01 ND–0.024 0.00 ND ND ND–0.66 0.07 ND ND
Depth (m) 0.0–29.0 10.90 0.0–42.0 7.60 0.0–41.0 14.40 0.5–40.5 9.50 0.0–23.0 7.90 0.0–21.8 1.44
D.Sh (m) 0–4688 1797 0.0–5915 1457 0.0–4344 1640 0.00–2849 1334 0.0–2988 1295 0.0–3146 1204
TOM. total organic matter; ND, not detected.
a Values in ppm unless otherwise noted.
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using of terrestrial sediment in the landﬁlling operations at
the Desert Rose Resort transect (Table 1). It is noticed that
the carbonate percentages increase with distance from the
shoreline, total organic matter and depth (Table 2). Addition-
ally, the carbonates show a negative correlation with heavy
metals reﬂecting the terrestrial source of these metals.
Comparing the carbonate contents in the present study with
those found in different locations along Hurghada coastal area
(Table 3) shows that the carbonate contents are comparable to
those reported by El-Mamoney (1995), Mansour et al. (2000),
Dar (2002) and Madkour (2004). The carbonate percentages of
the current work are higher than those recorded by Mansour
et al. (2007), while they showed lower percentages than that re-
corded by El-Askary et al. (1988).
Total organic matter
The average distribution content of total organic matter varies
from 4.46% at Desert Rose Resort transect to 5.60% at Tour-
ist Harbour transect (Table 1). The high organic matter con-
tent in the present study can be explained by (1) terrestrial
inputs from wadis (Fig. 2a and b), (2) probably in some sites
which were subjected to direct discharge of domestic waste,
(3) high organic productivity in some areas due to seagrasses,
seaweeds and algae bottom facies, (4) the high rate of sedimen-
tation, and (5) morphology of the transect.
The correlation coefﬁcient of the studied sediments indi-
cates that there is a high positive correlation between total or-
ganic matter and carbonates (0.57) and mud (0.46). This is
probably suggesting the predominance of total organic matter
in the ﬁne-grained sediment fractions (Table 2). This is in a
good agreement with those found by El-Askary et al. (1988).
In comparison, the distribution of total organic matter con-
tent in the present study is slightly higher than those recorded
in the previous studies which conducted in the years 1988,
1995, 2000, 2002, 2004 and 2005 along Hurghada area
(Table 3).Heavy metals
Most of the iron is present in association with the carbonate
fraction, probably sorbed on the surface of the particles or
more likely it substitutes Ca in the calcite crystals (Beltagy,
1984). Mansour et al. (2000) found that Fe concentrations of
the shallow marine sediments in different transects along the
Red Sea coast are relatively high indicating the terrigenous
contamination. In the study areas, sediments sampled at Des-
ert Rose Resort and Abu-Shaar transect have the highest val-
ues of iron contents, averaging 0.43% and 0.31% respectively
(Table 1). These high values are related to terrigenous origin
due to landﬁlling by terrestrial sediments at Desert Rose Re-
sort, in addition to terrestrial inputs from the opposite wadi
and the drainage of waste water from nearby resort at Abu-
Shaar transect. Correlation coefﬁcient results illustrate that,
Fe has a strong negative correlation with carbonate (0.79)
and distance from the shoreline (0.57), in addition to signif-
icant +ve correlation with Mn (0.94), Zn (0.87), Cu (0.51) and
Cd (0.66) (Table 2).
Manganese (Mn) is a naturally occurring element and com-
prises about 0.1% of the Earth’s crust (NAS, 1973). Nawar
and Shata (1989) related the increase of Mn in the nearshore
sediments of the northern Red Sea to its incorporation in the
crystal lattice of calcite. Dar (2002) stated that the highest
Mn contents in Hurghada area and its surroundings recorded
with the high mud content sediments indicate terrigenous ori-
gin. The manganese content in sediments of the studied tran-
sects ranges between 16.21 ppm at Tourist Harbour and
77.14 ppm at Desert Rose Resort transect (Table 1). The
sources of Mn in the marine environment of Hurghada area
are the same as for Fe. Manganese shows a strong negative
correlation with carbonate (0.81) and distance from the
shoreline (0.57), but it shows a high positive correlation with
Fe (0.94), Zn (0.85) and Cd (0.57) (Table 2).
Zinc, the 25th most abundant element, is widely distributed
in nature, making up between 0.0005% and 0.02% of the
Earth’s crust (Irwin et al., 1997a). Hamed et al. (2009) reported
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Figure 3 Average content of grain size textures for sediment
samples of different transects along Hurghada coast.
96 A.M. Mansour et al.that Zn can be precipitated as ZnCO3 which is a result of the
high content. They also added that the high percentage of
residual fraction of Zn at Ras Mohamed reﬂects the predom-
inance of physical conditions, such as the sedimentation rate.
The average distribution of zinc in the transects under study
of Hurghada is varying from 6.60 ppm at Tourist Harbour
to 19.73 ppm at Desert Rose Resort transect (Table 1). Desert
Rose Resort, NIOF and El-Esh transects have the highest Zn
concentrations among the other studied transects. It is ob-
served that the beach and tidal ﬂat sediments of Hurghada
have high Zn concentrations due to the intensive construction
that uses usually huge amount of chemical materials. One of
these materials is zinc sulphate, which is used in the initial
stage of wall painting. Moreover, there is inﬂuence of terrige-
nous materials rich in zinc element, in addition to domestic
waste water. Zn shows a highly negative correlation with car-
bonate (0.71) and distance from the shoreline (0.60). On
the other hand, Zn shows a strong positive correlation with
Fe (0.87), Mn (0.85), Cu (0.68) and Cd (0.50) (Table 2).
Copper is an essential nutrient. Mansour et al. (2007) dem-
onstrated that the beach and intertidal samples of Magawish
Oil Company area have the highest copper concentrations
and they attributed that to the anthropogenic impact by land-
ﬁlling. Copper concentration of the present work is varying
from 0.05 ppm at Abu-Shaar to 23.25 ppm at Tourist Harbour
(Table 1). The high concentration of copper at Tourist Har-
bour transect is a result of ship constructions, renewing the
old ships, removing rust and old metal parts and painting
the ship bodies in the area. In addition, the presence of huge
desalination plants in the locality with capacity 5000 m3 of
freshwater daily (Madkour and Dar, 2007) increases the pro-
portion of the metal in the area. The copper correlated nega-
tively with carbonate (0.26), depth (0.23) and the distance
from the shoreline (0.39), it correlated positively with Fe
(0.30), Mn (0.35) and Pb (0.26) (Table 2).
Irwin et al. (1997b) reported that, lead is effectively re-
moved from the water column to the sediment by adsorption
on organic matter and clay minerals. Mansour et al. (2011)
demonstrated that Harbours of Safaga and Hurghada have
the highest values of Pb contents; they attributed that to
anthropogenic activities in Safaga and Hurghada Harbours.
These include oil spills, motor boats, coal shipment in SafagaHarbour and untreated wastes. The average distribution of
Pb concentrations of the marine sediments in the studied tran-
sects ranges between 0.06 ppm at Abu-Shaar transect and
4.97 ppm at Desert Rose Resort transect (Table 1). The beach
and intertidal samples of Desert Rose and El-Samaka Village
transect record high values of Pb content. This high content
of Pb can be attributed to tourism activities in the beach and
intertidal area, in addition to dredging and landﬁlling opera-
tions. Lead has a negative correlation with carbonate (0.47)
and positive correlation with Zn (0.68) and Fe (0.51) (Table 2).
Madkour (2011) stated that the bioaccumulation of nickel
in coral reef species is species speciﬁc. This indicates that the
main source of nickel is the terrestrial sediments, either natu-
rally by wadis or by human activities due to construction
and dredging activities. The average distribution of nickel con-
tent of the sediments sampled in the studied transects is chang-
ing from 2.07 ppm at El-Esh transect to 20.83 ppm at Abu-
Shaar transect (Table 1). Sediments sampled from Abu-Shaar
transect and Tourist Harbour have the highest values of nickel
contents. The high concentration of nickel contents in most
samples is recorded at intertidal zone of the study transects.
This may attribute to terrigenous input by Wadi Abu-Shaar
and wastewater discharge. Also, this is due to landﬁlling and
dredging operations at Tourist Harbour. The correlation ma-
trix shows a negative correlation between Ni and carbonate
(0.35) and a positive correlation between Ni and Mn
(0.32), Fe (0.25) and Cd (0.29) (Table 2).
The high Cd concentrations in the sediments of Hurghada
area may be attributed to the terrigenous origin and the in-
crease of human activities in the region such as tourism, land-
ﬁlling and marinas (Mansour et al., 2007). The average
concentration of cadmium content of the marine sediments
in the studied transects ranges between 0.06 ppm at Tourist
Harbour and 0.15 ppm at Abu-Shaar and El-Samaka Village
transect (Table 1). Abu-Shaar, El-Samaka Village and El-
Esh transect recorded high cadmium concentrations. Cad-
mium increase in these transects is due to the anthropogenic
activities from the oil seepage across pipelines and the drilling
ﬂuids in the north of Hurghada oil ﬁelds. In addition to, the
terrigenous origin and the increase of human activities in the
regions in the last years such as tourism, landﬁlling, marinas,
and disposal of sewage sludges. The correlation coefﬁcient of
the studied sediments (Table 2) indicates that Cd has a high
negative correlation with carbonate (0.54) and high positive
correlation with Fe (0.66), Mn (0.57) and Zn (0.50).
The mercury contents of the sediments in the studied tran-
sects range between N.D. (not detected) (below detection lim-
its) at all studied transects and 0.067 ppm at El-Samaka
Village transect (Table 1). The beach sample of El-Samaka Vil-
lage transect recorded the highest value among the samples of
study transects (0.66 ppm), this may be attributed to landﬁll-
ing. WHO (2003) reported that, due to global mercury cycling
through air and water, even regions without mercury emissions
can have substantial environmental mercury levels. Mercury is
negatively correlated with carbonate (0.39) and positively
correlated with Pb (0.38) and Cd (0.37) (Table 2).
From the correlation matrix (Table 2), it is observed that
the total organic matter in the study areas correlates negatively
with heavy metals.
Comparisons of the metal concentrations from the present
study with others collected from Hurghada area (Table 4)
show that Fe and Mn levels are comparable to those reported
Table 2 The correlation coefﬁcient among sediment texture, mean size, geochemical components, depth and distance from shoreline
of marine sediments of Hurghada coast.
Gravel Sand Mud Mz Carb. (%) TOM (%) Fe (%) Mna Zna Cua Pba Nia Cda Hga Depth D.Sh
Gravel 1.00
Sand 0.05 1.00
Mud 0.41 0.89 1.00
Mz 0.76 0.48 0.78 1.00
Carb. (%) 0.16 0.26 0.16 0.15 1.00
TOM (%) 0.21 0.39 0.46 0.23 0.57 1.00
Fe (%) 0.26 0.04 0.08 0.34 0.79 0.38 1.00
Mna 0.23 0.11 0.00 0.29 0.81 0.48 0.94 1.00
Zna 0.25 0.11 0.01 0.29 0.71 0.41 0.87 0.85 1.00
Cua 0.08 0.08 0.04 0.02 0.26 0.15 0.30 0.35 0.42 1.00
Pba 0.06 0.19 0.14 0.03 0.47 0.46 0.51 0.44 0.68 0.26 1.00
Nia 0.09 0.20 0.15 0.02 0.35 0.06 0.25 0.32 0.06 0.11 0.12 1.00
Cda 0.09 0.11 0.06 0.11 0.54 0.27 0.66 0.57 0.50 0.15 0.19 0.29 1.00
Hg 0.05 0.01 0.03 0.08 0.39 0.24 0.20 0.11 0.16 0.10 0.38 0.08 0.37 1.00
Depth 0.11 0.22 0.25 0.15 0.37 0.33 0.22 0.30 0.22 0.23 0.15 0.29 0.31 0.13 1.00
D.Sh 0.18 0.07 0.01 0.20 0.55 0.20 0.57 0.57 0.60 0.39 0.31 0.23 0.42 0.17 0.54 1.00
Carb. (%), carbonate content, TOM, total organic matter, D.Sh, distance from shoreline.
a Values in ppm.
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Madkour (2011). While, Fe and Mn recorded less concentra-
tions than those reported by El-Mamoney (1995), Mansour
et al. (2000, 2011) and El-Taher and Madkour (2011). Zn re-
corded comparable values to those found in the previous stud-
ies of Hurghada area while, it gave lower values than those
demonstrated by Beltagy (1984), Dar (2002) and El-Taher
and Madkour (2011). The obtained data of Cu and Ni in the
present study are comparable to those stated by Mansour
et al. (2007) and Madkour (2011), however Cu and Ni showed
lower concentrations than those stated by Mansour et al.
(2000), Dar (2002) and El-Taher and Madkour (2011). More-
over, the Cu in the current study recorded comparable concen-
trations to those reported by El-Mamoney (1995) and Nawar
et al. (1997) and lower concentrations than those reported by
El-Sayed (1984) and Beltagy (1984). Values of Pb and Cd in
the current work are comparable to those reported by Madk-
our (2011) but lower than those reported by El-Mamoney
(1995), Dar (2002), Mansour et al. (2000, 2011) and El-Taher
and Madkour (2011).
By comparing the current results with others collected from
different marine environments along the Egyptian Red Sea
coast (Table 4) indicates that the Mn, Zn, Cu, Pb and Ni
showed values lower than those demonstrated by Madkour
(2005), Madkour et al. (2006), Mansour et al. (2011) and El-
Taher and Madkour (2011). Fe recorded high values in Man-
sour et al. (2011) study and recorded comparable values to
those reported by Madkour (2005) and Madkour et al.
(2006). Cd gave high concentrations by Madkour et al.
(2006) and Mansour et al. (2011) than that recorded in the
present work and comparable values to those reported by
Madkour (2005) and El-Taher and Madkour (2011). The sed-
iments of the northern part of Suez Gulf studied by El-Mose-
lhy and Gabal (2004) showed higher levels of Zn and Cu and
lower levels of Pb and Cd than those found in the present
study.
On a large scale (Table 4), we can say that Fe and Mn in the
present study showed comparable concentrations to those
found in the sediments of Aqaba Gulf of Jordan (Abu-Hilalet al., 1988); Al-Hodeidah area, Yemen (Heba et al., 2004)
and Jeddah coast (Basaham et al., 2009). Additionally, levels
of Zn and Pb recorded by Heba et al. (2004) and levels of
Zn and Cu reported by Basaham et al. (2009) are comparable
to those in the current results, whereas Abu-Hilal et al. (1988)
recorded higher concentrations of Cu, Cd and Ni than those
found in the current study.
Earlier studies showed a wide range of variation in metal
contents between Hurghada areas in the present study in com-
parison with the other areas in the world (Table 4). Fe and Cu
show concentrations lesser than those recorded in sediments
collected from Black Sea (Topcuoglu et al., 2002) and Adriatic
Sea (Storelli et al., 2001). Ni levels measured in sediments of
Black Sea (Topcuoglu et al., 2002) and Caspian Sea (Mora
and Sheikholeslami, 2002) are higher than those measured in
the current work. Concentrations of Zn, Cd and Pb reported
by Topcuoglu et al. (2002) and Storelli et al. (2001) are compa-
rable to those in the present study. Moreover the Mediterra-
nean Sea sediments studied by Ahdy and Khaled (2009)
show higher values of Cu, Ni and Pb than those in the current
work.
Comparison of the gained data from this study with
different guidelines (Table 5) shows that in the case of Fe
and Mn, the current results are considerably lower than TEL
(Threshold effect level). In addition , the study showed that
mean levels of Zn, Cu, Pb, Ni, Cd and Hg are in the range
of natural unpolluted sediments, where the average concentra-
tions are around the background level which is suggested
by SEPA (1998), however some samples exhibited a high Ni
concentration at Abu-Shaar transect and high Cu concentra-
tion at Tourist Harbour transect exceeded the threshold effect
level.Heavy metal clusters
Cluster analysis (using Ward’s method) includes contaminant
metal (Mn, Zn, Cu, Pb, Ni, Cd and Hg) concentrations and
separates the samples of studied transects into four main clus-
ters according to increasing concentrations (Fig. 4; Table 6).
Table 3 Comparison of carbonates, total organic matter (TOM) and organic carbon (%) in marine sediments between the present work and other studies along Hurghada coast.
Parameter Other studies of Hurghada coast The present work
El-Askary et al. (1988) El-Mamoney (1995) Mansour et al. (2000) Dar (2002) Madkour (2004) Mansour et al. (2007) Hurghada area
Jubal
area
Wadi
EI-Esh
Wadi
Abu-shaar
Hurghada
Harbour
Marine
station
Abu-shaar
area
EI-Esh
area
Hurghada
area
Hurghada
Harbour
EI-Esh
area
Desert
Rose
Resort
Master
line
area
Hurghada
Marina
Magawish
oil company
Carbonate
Range 41.31–96.61 – – – – – – 1.18–98.52 4.36–96.82 24.58–95.95 8.2–36.6 12.9–92.9 36.3–84.6 26.3–53.9 11.72–87.98
Avg. 84.62 59.30 46.21 77.96 71.68 70.73 62.29 – 78.61 73.39 17.1 58.2 68.4 42.8 66.3
TOM
Range 0.36–1.98 – – – – – – 0.40–5.89 0.97–4.3 1.05–6.6 0.18–1.68 0.22–3.86 1.22–4.72 1.16–1.48 1.60–8.63
Avg. 0.72 – – 2.36 2.91 4.25 3.65 – 3.02 3.23 0.92 2.28 2.58 0.97 5.25
Organic
Range 0.2–1.1 – – – – – – – 0.5–2.4 0.6–3.7 0.1–0.9 0.1–2.1 0.7–2.6 0.6–0.8 0.89–4.79
Avg. 0.4 – – 1.46 1.52 2.37 2.02 – 1.7 1.8 0.50 1.30 1.40 1.00 2.91
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Table 4 Mean or range of heavy metal concentrations in marine sediments from Hurghada coast in comparison with other stud es in the same area, other areas of Red Sea and the
world.a
Geographical area Heavy metals Reference
Fe (%) Mna Zna Cua Pba Nia Cda Hga
Hurghada area and surroundings 1.05–1.23 0.6–221.76 0.01–49.41 0.05–23.25 0.007–9.83 0.02–71.74 0.03– .68 0.00–0.66 The present work
0.26 49 12.41 4.57 1.51 7.21 0.11 0.02
Al Ghardqa 0.38 120 31 21 – – – – El-Sayed (1984)
North red sea 0.13 55 70.7 16 75 – – – Beltagy (1984)
Hurghada, Wadi EI-Esh 0.49 107 26 14 57 43 0.53 – El-Mamoney (1995)
Hurghada, Wadi Abu-Shaar 0.48 125 15 6 56 45 0.89 – El-Mamoney (1995)
Hurghada area – – 21.75 11.1 90.9 37.13 – – Nawar et al. (1997)
Hurghada area and surroundings 0.008–0.48 3.10–556.76 8.8–245 2.5–95.3 9.9–114.4 9.9–613.1 1–5.2 – Dar (2002)
Hurghada area 0.88 104.4 3.18 2.94 4.86 11.14 0.36 – Madkour (2011)
Hurghada Harbour 0.60 428.57 31.86 15.14 53.63 57.84 1.71 – Mansour et al. (2000)
Hurghada, Marine station 0.81 292 25.14 28.08 29.61 17.15 1.39 – Mansour et al. (2000)
Hurghada, Abu-Shaar area 1.07 283.07 21.60 13.53 25.20 27.91 1.05 – Mansour et al. (2000)
Hurghada EI-Esh area 1.32 413.38 31.61 24.46 52.46 30.27 1.21 – Mansour et al. (2000)
Hurghada area 0.20 177.78 4.66 0.67 12.89 1.91 0.52 – Mansour et al. (2007)
Hurghada Harbour 1.02 112.0 9.1 4.10 19.5 8.90 0.30 – Mansour et al. (2011)
Hurghada EI-Esh area 0.67 153.0 14.5 76.70 11.3 9.80 0.50 – Mansour et al. (2011)
Hurghada, Wadi EI-Esh – 363.00 31.60 25.70 51.20 28.50 1.20 – El-Taher and Madkour (2011)
Hurghada, Wadi Abu-Shaar – 319.20 19.70 14.00 26.70 26.20 1.20 – El-Taher and Madkour (2011)
Wadi EI-Gemal 0.29 536.00 79.00 36.22 41.70 51.39 0.08 – Madkour (2005)
EI-Hamrewein Harbour 0.18 529.00 73.40 17.90 38.50 42.20 2.30 – Madkour et al. (2006)
Qusier Harbour 1.39 902 21.4 4.10 10.50 26.50 1.00 – Mansour et al. (2011)
Safaga Harbour 1.21 1145.0 15.4 9.10 21.6 38.40 – Mansour et al. (2011)
Wadi EI-Gemal – 526.00 93.50 51.30 54.00 58.00 0.08 – El-Taher and Madkour (2011)
Hamata Wadi Khashir – 454.00 24.32 12.90 31.92 6.49 0.31 – El-Taher and Madkour (2011)
North of Suez Gulf – – 4.26–23.68 1.84–10.25 13.90–28.34 – 2.26– .40 – El-Moselhy and Gabal (2004)
Aqaba Gulf, Jordan 0.34–1.46 68.20–263.0 24.0–195.0 7.10–24.00 96.30–182.0 30.0–62.1 3.90– 3.70 Abu-Hilal et al. (1988)
Al-Hodeidah coast, Yemen 0.01–0.02 9.17–24.21 4.02–18.25 36.70–79.90 4.99–6.26 7.10–116.4 0.20– .80 – Heba et al. (2004)
Jeddah coast 0.50 105 18.00 11.00 – – – – Basaham et al. (2009)
Caspian Sea, Iran – – – – 11.3–24.6 29.4–67.8 0.098 0.244 – Mora and Sheikholeslami (2002)
Adriatic sea, Italy 0.88 – 95.80 16.98 4.43 – 0.20 0.28 Storelli et al. (2001)
Black Sea, Turkey 0.50–5.40 206.60–870.30 33.90–267.40 4.00–95.50 0.05–31.10 13.55–65.20 0.02– .93 – Topcuoglu et al. (2002)
Mediterranean Sea, Egypt – – – 30.30 27.84 38.76 – – Ahdy and Khaled (2009)
a Values in ppm unless otherwise noted.
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Table 5 Sediment quality guidelines for metals.a
The guide line Heavy metals Reference
Fe (%) Mna Zna Cua Pba Nia Cda Hga
Metal background guidelines – – 100 15.00 5.00 10 0.3 0.08 SEPA (1998)
Canadian sediment quality guidelines (TEL) – – 124 18.70 30.2 – 0.7 0.13 CCME (2002)
Canadian sediment quality guidelines (PEL) – – 271 108.00 112.00 – 4.2 0.7 CCME (2002)
Guidelines for Metals in sediments (LEL) 2 460 120 16 31 16 0.6 0.2 Persaud et al. (1993)
Guidelines for Metals in sediments (SEL) 4 1100 820 110 250 75 10 2 Persaud et al. (1993)
TEL, threshold effect level; PEL, probable effect level; LEL, lowest effect level; SEL, sever effect level.
a values in lg/g dry weight unless otherwise noted
100 A.M. Mansour et al.The ﬁrst cluster shows the lowest concentration of metals
(Cd, Ni, Pb, Hg, Cu, Zn and Mn). Cluster 1 containing 23
samples (35.94% of the total samples), is characterized by con-
centrations of Cd (Avg. = 0.07 ppm, STD= 0.05 ppm); Cu
(Avg. = 4.71 ppm, STD= 4.53 ppm) and Ni (Avg. =
3.31 ppm, STD= 4.48 ppm). Samples of this cluster are
mostly located offshore and are distributed in all studied tran-
sects except the Desert Rose Resort transect.
Cluster 2 includes 28 samples among which 43.75% of the
total samples represent the highest concentration of Hg com-
pared to the other clusters (Avg. = 0.033 ppm, STD=
0.127 ppm). Also, it contains moderate concentration of Cd
(Avg. = 0.11 ppm, STD= 0.10 ppm); Cu (Avg. = 4.71 ppm,
STD= 4.60 ppm); Ni (Avg. = 7.75 ppm, STD= 12.73 ppm)
and Zn (Avg. = 12.33 ppm, STD= 5.56 ppm). Samples of
this cluster are distributed in all studied transects, 25% of them
fall in the El-Esh transect. Most samples of this cluster are
distributed in the nearshore area. So, the increase of these
metals landward reﬂects the inﬂuence of landﬁlling and dredg-
ing operations, in addition to terrestrial input rich in these
metals.
Cluster 3 includes 8 samples (12.5% of the total samples),
and is characterized by moderate to high concentrations of
Cu (Avg. = 4.47 ppm, STD= 0.93 ppm); Ni (Avg. =
9.01 ppm, STD= 8.84 ppm); Pb (Avg. = 2.79 ppm, STD=
3.12 ppm); Mn (Avg. = 120.47 ppm, STD= 19.82 ppm) and
Zn (Avg. = 23.85 ppm, STD= 3.97 ppm). This cluster con-
tains a mixture of beach, tidal ﬂat and nearshore samples.
Samples of this cluster are distributed in four transects El-
Esh, Abu-Shaar, NIOF and Desert Rose Resort, where 75%
of the cluster’s samples are located in NIOF and Desert Rose
Resort transect. The high concentration of these metals is
attributed to the landﬁlling operations at the Desert Rose
Resort transect and due to the human impacts at the NIOF
area including the impacts from the backshore of the NIOF
area.
Cluster 4 is consisting of 5 samples (7.81% of the total sam-
ples). This cluster has the highest concentration of Cd
(Avg. = 0.32 ppm, STD= 0.23 ppm); Cu (Avg. = 10.76 ppm,
STD= 6.93 ppm); Ni (Avg. = 24.42 ppm, STD= 31.11 ppm);
Pb (Avg. = 2.93 ppm, STD= 4.32 ppm); Mn (Avg. =
183.75 ppm, STD= 22.72 ppm) and Zn (Avg. = 29.84 ppm,
STD= 13.33 ppm) compared to the other clusters. Cluster’s sam-
ples are distributed in El-Esh, Abu-Shaar and NIOF transects and
they are from the beach and intertidal area, where 3 samples of
total 5 samples fall at the beach and tidal ﬂat of Abu-Shaar tran-
sect. This indicates that the general trends of Cd, Ni, Pb, Hg, Cu,Zn and Mn contents are decreasing seaward. This is attributed to
the strong effect of terrigenous materials by Wadi Abu-Shaar and
Wadi El-Esh, in addition to the landﬁlling operations.
Conclusions and recommendations
Grain size analysis showed that the sand fraction is dominat-
ing and constitutes more than 85% of the total samples of
the studied locations. The mud fraction has the highest ratio
in the El-Esh transect while gravel recorded the highest values
in Tourist Harbour and El-Samaka Village transect.
The sediments on the coast are carbonate-poor while the
offshore samples contain higher amounts of carbonate where
the highest carbonate contents are recorded at the areas rich
with coral reefs.
The high organic matter content is due to the high sedimen-
tation rate from wadis, which increase the ﬁne particles in
some spots. In some areas; the high organic productivity due
to seagrasses, seaweeds and algae bottom facies which is the
main reason for high organic matter content in the studied
transects.
Fe, Mn, Zn and Pb recorded their higher contents in sedi-
ments of Desert Rose Resort. This is attributed to the dredging
and landﬁlling operations by terrestrial sediments. It is ob-
served that the beach and intertidal sediments exhibited the
highest values of heavy metals which were decreasing gradually
seaward. The highest levels of Ni, Cd and Hg are recorded at
Abu-Shaar and El-Samaka Village transect. These high con-
centrations may be attributed to the human activities at the
El-Samaka Village transect and the natural impact at Abu-
Shaar while, Cu recorded the highest value at Tourist Harbour
where brine water draining into the sea from the desalination
plant at area is the main reasonable source for the high
concentration.
In comparison, the results of heavy metals in the current
study are in general less and sometimes comparable to the re-
sults of the previous studies conducted at Hurghada area. This
is probably due to the efforts of EEAA branch, which was con-
structed in 2004 at Hurghada area and tightening legal action
against violators. Comparison of the obtained data from the
present study with other regional data along the Red Sea coast,
other areas in the world and the global guidelines clariﬁes that
the metal pollution in Hurghada area is still low.
Marine environment of Hurghada coastal area has experi-
enced considerable environmental stress from the anthropo-
genic activities due to the increasing population growth and
the rapid development taking place in the tourism industry
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Figure 4 Dendrogram of cluster analysis using ward’s method exhibiting cluster of metals.
Assessment and comparison of heavy-metal concentrations in marine sediments 101and their negative impacts on the marine environment. There-
fore, a co-operation with the EEAA is very important in order
to centralize decisions and responsibilities.
The present study of the marine sediments of the coastal
area north and south of Hurghada city dictates the need to reg-
ularly monitor the levels of pollutants in various componentsof the marine environment. Attention to scientiﬁc research in
the ﬁelds of the marine environment and marine science and
the establishment of the college of marine sciences in the city
of Hurghada help to educate the future generations about
the importance of the area and to increase environmental
awareness among the people.
Table 6 The heavy metals of the clusters computed by
(Ward’s method) Cluster analysis based on 7 variables of
heavy metals.
Mna Zna Cua Hga Pba Nia Cda
Cluster 1 (23 samples)
STD 3.66 3.31 4.53 0.001 0.33 4.48 0.05
MIN 0.60 0.01 0.05 0.000 0.01 0.06 0.03
MAX 12.08 13.59 21.96 0.003 1.13 14.36 0.21
Aver. 6.15 3.83 2.77 0.000 0.23 3.31 0.07
Cluster 2 (28 samples)
STD 18.58 5.56 4.60 0.127 1.84 12.73 0.10
MIN 1.47 2.29 1.29 0.000 0.01 0.02 0.03
MAX 76.69 25.42 23.25 0.664 7.52 51.62 0.39
Aver. 39.74 12.33 4.71 0.033 1.42 7.75 0.11
Cluster 3 (8 samples)
STD 19.82 3.97 0.93 0.001 3.12 8.84 0.06
MIN 92.05 17.62 3.22 0.000 0.03 3.37 0.06
MAX 143.76 28.65 5.83 0.002 7.28 29.86 0.23
Aver. 120.47 23.85 4.47 0.000 2.79 9.01 0.12
Cluster 4 (5 samples)
STD 22.72 13.33 6.93 0.046 4.32 31.11 0.23
MIN 164.83 17.02 3.39 0.000 0.04 1.13 0.12
MAX 221.76 49.41 20.68 0.108 9.83 71.74 0.68
Aver. 183.75 29.84 10.76 0.028 2.93 24.42 0.32
STD, standard deviation, MIN, minimum, MAX, maximum,
Aver., average.
a Values ppm.
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